ABSTRACT
Introduction
Ultrasounds are sound waves with frequencies higher than the upper audible limit of human hearing. Ultrasound is used in many different fields like ultrasonic devices are used to detect objects and measure distances. Ultrasound imaging is often used in quality control and medicine [1] [2] . In the nondestructive testing of products and structures, ultrasound is used to detect invisible flaws. Industrially, ultrasound is used for cleaning, mixing, and to accelerate chemical processes. Scientists are also studying ultrasound using graphene diaphragms as a method of communication [3] .
The unique feature of sound wave property is that it gives direct and precise information of adiabatic properties of solution. The anomalous behavior of non-electrolytic solutions and the properties of liquid systems, which are otherwise not easily deduced directly, can be determined from speed of sound and density data in conjunction with equation of state. Ultrasonic technology has been adequately employed to investigate the properties of any substance to understand the nature of molecular interactions in pure liquid [4] , liquid mixtures [5] [6] [7] and ionic interactions in electrolytic solutions [8] . As ultrasonic technique can reveal very weak intermolecular interactions due to its useful wavelength range, many researchers have made important advancements in understanding the nature of molecular interaction and physicochemical behavior of liquid mixtures by studying the acoustics at different concentrations and temperatures and results were interpreted in terms of solutesolvent and solvent-solvent interaction [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Schiff base have high synthesis flexibility, varied coordinating ability and medicinal utility and are an important class of ligands in the field of co-ordination chemistry [19] . A large number of Schiff bases have been found to possess important biological and catalytic activities [20] [21] and their acoustical parameters were reported [22] [23] [24] . Hence in the present study, attempt has been made to study the molecular interactions of the following substituted Schiff base ligands in the suitable percentage of 1,4-dioxane -water mixture at different temperatures by acoustical investigations.
Following is the structure of the ligand -
Where, R = -H, -OH, -NO 2 , -CH 3
2.
Experimental and Instrumentation 2.1 Experimental The chemicals used for synthesis were of L.R. grade. The ligands (A 1 -A 4 ) were recrystallized before use. The solvent 1,4-dioxane was purified using standard procedure. All the working solutions were freshly prepared from the deionized water. To avoid any ionic contamination, deionized water was used for all the purpose in this study. The 0.01M solution of each ligand was prepared in different percentage (75%, 80%, 85%, 90%, 95% and 100%) of 1,4-dioxane-water mixture. The density and the ultrasonic velocity measurements of the ligand solutions were done at 293, 297 and 300 K following the standard protocol.
Instrumentation
The densities of the solution were determined by standardize capillary pyknometer having a bulb of volume of about 10 cm 3 and capillary having an internal diameter of 1 mm. All the weighing was made on Citizen CY 104 one pan digital balance. In the present investigation, a variable path ultrasonic interferometer from Mittal enterprises, New Delhi, Model MX-3 was used to measure the ultrasonic velocity in liquid mixtures and solutions, having the working frequency of 1 MHz with accuracy of ±0.03%.
3.
Result and Discussion The study of ultrasonic velocity (V), adiabatic compressibility (β s ), apparent molar volume ( v ) and intermolecular free length (L f ) gives structural interaction of solvent with solute. It gives information regarding internal structure, molecular association, complex formation and stability of ligands under study. The acoustic parameters for ligands A 1 , A 2 , A 3 and A 4 in varying percentage of dioxane-water, studied at three different temperatures are calculated from the ultrasonic velocity obtained. The results are given in table 1 to12.
3.1
Adiabatic compressibility (β s ) Adiabatic compressibility plays important role in the study of solute-solvent interactions by explaining the simple association or closed packing or clinging of molecules. It depends on the structure of the liquid which considers the geometrical fit of the solute into the ordered form of the aqueous solvent surrounding the solutes [25] .
From table 1-12 and fig. 1 to 3, it is observed that the value of adiabatic compressibility of ligands mostly increases with increase in percentage of organic solvent. With higher concentration of solvent, the solvent molecules aggregate around the ions as the number of free ions decreases, showing the occurrence of ionic association due to strong ion-ion interaction [26] . Also it can be noted that with increase in temperature, there is slight increase in the  s values of all ligands. Also presence of the electron withdrawing -NO 2 group in ligand A 3 decreases its  s values.
Apparent molar volume ( v )
Apparent molar volume is the thermodynamic property of solutions, which express the solutesolvent interactions, and is related to the density, molarity of the solution and the molecular weight of the solute. Table 1 -12 and Fig. 4-6 shows that, the values of apparent molar volume (ϕ v ) decreases with increase in the percentage of 1,4-dioxane at 293 K, 297 K and 300 K. The change in ϕ v with variation in concentration depends on the concentration of the salt, the nature and size of electrolyte ions and the dielectric constant [27].
Intermolecular free length (L f )
Intermolecular free length (L f ) is the distance between the surfaces of the molecules. From Table 1-12 and Fig. 7-9 , it can be noted that the L f values are positive for all ligands in dioxane at different temperatures. The positive value of excess free length shows the existence of dispersive forces between molecules of mixture. L f increases linearly with increase in concentration of organic solvent suggesting structure promoting behavior of the added solute, as there is significant ion-solvent interaction. It is also observed that as the temperature increases L f values are also increases, though the trend is not prominent. Increase in temperature leads to less ordered structure and volume expansion and hence in intermolecular free length [28] . It reveals that interaction become weaker at higher temperatures.
4.
Conclusion From the present study it can be concluded that  s and L f values mostly increases with increase in percentage of organic solvent while the values of ϕ v decreases at 293, 297 and 300 K. Thus we can say that these acoustic properties helps in explaining how solute-solvent, solute-solute and ion-solvent interactions occur and are responsible for breaking and making of the structure in the solution.
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